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(54) Apparatus for and method of polishing workpiece 

(57) A polishing apparatus for polishing a workpiece 
such as a semiconductor wafer has a turntable with an 
abrasive cloth mounted on an upper surface thereof, 
and a top ring for holding a workpiece and pressing tne 
workpiece against the abrasive cloth under a first press- 
ing force to polish the workpiece. A guide ring is verti- 
cally movably disposed around the top ring, and 
pressed against the abrasive cloth under a variable sec- 
ond pressing force. Thef irst and second pressing forces 
are variable independently of each other, and the sec- 
ond pressing force is determined based on the first 
pressing force. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to an apparatus for 
and a method of polishing a workpiece such as a semi- 
conductor wafer to a flat mirror finish, and more particu- 
larly to an apparatus for and a method of polishing a 
workpiece such as a semiconductor wafer which can 
control the amount of a material removed from a periph- 
eral portion of the workpiece by a polishing action. 

Description of the Related Art: 



Recent rapid progress in semiconductor device 
integration demands smaller and smaller wiring pat- 
terns or interconnections and also narrower spaces 
between interconnections which connect active areas 
One of the processes available for forming such inter- 
connection is photolithography. Though the photolitho- 
graphic process can form interconnections that are at 
most 0.5 M m wide, it requires that surfaces on which 
pattern images are to be focused by a stepper be as flat 
as possible because the depth of focus of the optical 
system is relatively small. 

It is therefore necessary to make the surfaces of 
semiconductor wafers flat for photolithography One 
customary way of flattening the surfaces of semicon- 
ductor wafers is to polish them with a polishing appara- 

Conventionally, a polishing apparatus has a turnta- 
ble and a top ring which rotate at respective individual 
speeds. A polishing cloth is attached to the upper sur- 
face of the turntable. A semiconductor wafer to be pol- 
ished is placed on the polishing cloth and clamped 
between the top ring and the turntable. An abrasive liq- 
uid containing abrasive grains is supplied onto the pol- 
ishing cloth and retained on the polishing cloth. During 
operation, the top ring exerts a certain pressure on the 
turntable, and the surface of the semiconductor wafer 
held against the polishing cloth is therefore polished to 
a flat mirror finish while the top ring and the turntable 
are rotating. 

Attempts have heretofore been made to apply an 
elastic pad of polyurethane or the like to a workpiece 
holding surface of the top ring for uniformizing a press- 
ing force applied from the top ring to the semiconductor 
wafer. If the pressing force applied from the top ring to 
the semiconductor wafer is uniformized. the semicon- 
ductor wafer is prevented from being excessively pol- 
ished in a local area, and hence is planarized to a hiqhly 
flat finish. y y 

FIG. 9 of the accompanying drawings shows a con- 
ventional polishing apparatus. As shown in FIG. 9 the 
conventional polishing apparatus comprises a turntable 
41 with an abrasive cloth 42 attached to an upper sur- 
face thereof, a top ring 45 for holding a semiconductor 
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wafer 43 to press the semiconductor wafer 43 against 
the abrasive cloth 42, and an abrasive liquid supply noz- 
zle 48 for supplying an abrasive liquid Q to the abrasive 
cloth 42. The top ring 45 is connected to a top ring shaft 
5 49, and is provided with an elastic pad 47 of poly- 
urethane or the like on its lower surface. The semicon- 
ductor wafer 43 is held by the top ring 45 in contact with 
the elastic pad 47. The top ring 45 also has a cylindrical 
retainer ring 46 on an outer circumferential edge thereof 
io for retaining the semiconductor wafer 43 on the lower 
surface of the top ring 45. Specifically, the retainer ring 
46 is fixed to the top ring 45, and has a lower end pro- 
jecting downwardly from the lower surface of the top 
ring 45 for holding the semiconductor wafer 43 on the 
is elastic pad 47 against removal off the top ring 45 under 
fhctional engagement with the abrasive cloth 42 during 
a polishing process. 

In operation, the semiconductor wafer 43 is held 
against the lower surface of the elastic pad 47 which is 
20 attached to the lower surface of the top ring 45 The 
semiconductor wafer 43 is then pressed against the 
abrasive cloth 42 on the turntable 41 by the top ring 45 
and the turntable 41 and the top ring 45 are rotated 
independently of each other to move the abrasive cloth 
25 42 and the semiconductor wafer 43 relatively to each 
other, thereby polishing the semiconductor wafer 43 
The abrasive liquid Q comprises an alkaline solution 
containing an abrasive grain of fine particles suspended 
therein, for example. The semiconductor wafer 43 is pal- 
so ished by a composite action comprising a chemical pol- 
ishing action of the alkaline solution and a mechanical 
polishing action of the abrasive grain. 

FIG. 10 of the accompanying drawings shows in a 
fragmental cross-section the semiconductor wafer 43 
35 the abrasive cloth 42, and the elastic pad 47. As showri 
m FIG. 10, the semiconductor wafer 43 has a peripheral 
portion which is a boundary between contact and non- 
contact with the abrasive cloth 42 and also is a bound- 
ary between contact and noncontact with the elastic 
40 pad 47. At the peripheral portion of the semiconductor 
wafer 43, the polishing pressure applied to the semicon- 
ductor wafer 43 by the abrasive cloth 42 and the elastic 
pad 47 is not uniform, thus the peripheral portion of the 
semiconductor wafer 43 is liable to be polished to an 
45 excessive degree. As a result, the peripheral edge of 
the semiconductor wafer 43 is often polished into an 
edge-rounding. 

FIG. 11 of the accompanying drawings illustrates 
the relationship between radial positions and polishing 
so pressures calculated by the finite element method, and 
the relationship between radial positions and thick- 
nesses of a surface layer, with respect to a 6-inch sem- 
iconductor wafer having a silicon oxide layer (Si0 2 ) 
deposited thereon. In FIG.11, blank dots represent cal- 
55 culated values of the polishing pressure (gf/cm*) as 
determined by the finite element method, and solid dots 
represent measured values of the thickness of the sur- 
face layer (A) after the semiconductor wafer was pol- 
ished. The calculated values of the polishing pressure 
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are irregular at a peripheral portion ranging from 70 mm 
to 74 mm on the semiconductor wafer, and the meas- 
ured values of the thickness of the surface layer are cor- 
respondingly irregular at a peripheral portion ranging 
from 70 mm to 73.5 mm on the semiconductor wafer. As 
can be seen from the measured values of the thickness 
of the surface layer, the peripheral portion of the semi- 
conductor wafer is excessively polished. 

In order to prevent the peripheral portion of the 
semiconductor wafer from being excessively polished, 
there has been proposed a polishing apparatus having 
a retainer ring comprising a weight which is vertically 
movable with respect to a top ring as disclosed in Japa- 
nese laid-open patent publication No. 55-1 57473. In this 
polishing apparatus, the retainer ring is provided around 
the top ring and pressed against an abrasive cloth due 
to gravity. 

The top ring of the above proposed polishing appa- 
ratus is capable of varying the pressing force for press- 
ing the semiconductor wafer against the abrasive cloth 
depending on the type of the semiconductor wafer and 
the polishing conditions. However, since the retainer 
ring cannot vary its pressing force applied against the 
abrasive cloth, the pressing force applied by the retainer 
ring may be too large or too small compared to the 
adjusted pressing force imposed by the top ring. As a 
consequence, the peripheral portion of the semiconduc- 
tor wafer may be polished excessively or insufficiently. 

According to another proposed polishing apparatus 
disclosed in Japanese patent publication No. 58-10193. 
a spring is interposed between a top ring and a retainer 
ring for resiliently pressing the retainer ring against an 
abrasive cloth. . 

The spring-loaded retainer ring exerts a pressing 
force which is not adjustable because the pressing force 
is dependent on the spring that is used. Therefore, 
whereas the top ring can vary its pressing force for 
pressing the semiconductor wafer against the abrasive 
cloth depending on the type of the semiconductor wafer 
and the polishing conditions, the pressing force applied 
to the abrasive cloth by the retainer ring cannot be 
adjusted. Consequently, the pressing force applied by 
the retainer ring may be too large or too small compared 
to the adjusted pressing force imposed by the top ring. 
The peripheral portion of the semiconductor wafer may 
thus be polished excessively or insufficiently. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide an apparatus for and a method of polishing a 
workpiece. with a guide ring disposed around a top ring 
for applying an optimum pressing force to an abrasive 
cloth depending on the type of a workpiece and the pol- 
ishing conditions to thereby prevent a peripheral portion 
of the workpiece from being polished excessively or 
insufficiently for thereby polishing the workpiece to a 
highly planarized finish. 

Another object of the present invention is to provide 



an apparatus for and a method of polishing a workpiece 
while controlling the amount of a material removed from 
a peripheral portion of the workpiece by a polishing 
action in order to meet demands for the removal of a 
. qreater or smaller thickness of material from the periph- 
eral portion of the workpiece than from an inner region 
of the workpiece depending on the type of the work- 
piece. 

According to an aspect of the present invention. 
io there is provided an apparatus for polishing a work- 
piece, comprising: a turntable with an abrasive cloth 
mounted on an upper surface thereof; a top ring for 
holding a workpiece and pressing the workpiece 
against the abrasive cloth under a first pressing force to 
,s polish the workpiece; a guide ring for retaining sajd 
workpiece under the top ring, the guide ring being verti- 
cally movably disposed around the top ring; and a 
pressing device for pressing the guide ring against the 
abrasive cloth under a second pressing force which is 

20 variable . 

According to another aspect of the present inven- 
tion there is provided a method of polishing a work- 
piece, comprising the steps of: holding a workp.ece 
between an abrasive cloth mounted on an upper sur- 
25 face of a turntable and a lower surface of a top ring dis- 
posed above said turntable; pressing the workpiece 
against the abrasive cloth under a first pressing force to 
polish the workpiece: and pressing a guide ring vert.- 
cilly movably disposed around the top ring against the 
30 abrasive cloth around the workpiece under a second 
pressing force which is determined based on the first 
pressing force, the guide ring retaining the workp.ece 
under the top ring. 

According to still another aspect of the present 
35 invention, there is provided a method of ^'eating a 
semiconductor device, comprising the steps of : holding 
a semiconductor wafer between an abrasive cloth 
mounted on an upper surface of a turntable and a lower 
surface of a top ring disposed above the turntable; 
40 pressing the semiconductor wafer against the abrasive 
cloth under a first pressing force to polish the semicon- 
ductor wafer; and pressing a guide ring vertically mova- 
bly disposed around the top ring against the abrasive 
cloth around the workpiece under a second pressing 
45 force which is determined based on the first pressing 
force, said guide ring retaining the workpiece under the 

t0P According to the present invention, the distribution 
of the pressing force of the workpiece is prevented from 
so being nonuniform at the peripheral portion of the work- 
piece during the polishing process, and the polishing 
pressures can be uniformized over the entire surface of 
the workpiece. Therefore, the peripheral portion of the 
semiconductor wafer is prevented from being polished 
55 excessively or insufficiently. The entire surface of work- 
piece can thus be polished to a flat mirror f.n.sh. In the 
case where the present invention is applied to semicon- 
ductor manufacturing processes, the semiconductor 
devices can be polished to a high quality. Since the 
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peripheral portion of the semiconductor wafer can be 
used as products, yields of the semiconductor devices 
can be increased. i 

In the case where there are demands for the 
removal of a greater or smaller thickness of material 5 
from the peripheral portion of the semiconductor wafer 
than from the inner region of the semiconductor wafer 
depending on the type of the semiconductor wafer, the 
amount of the material removed from the peripheral por- 
tion of the semiconductor wafer can be intentionally w 
increased or decreased. 

The above and other objects, features, and advan- 
tages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings which illustrate pre- is 
ferred embodiments of the present invention by way of 
example. 



nesses of a surface layer of a semiconductor wafer. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 1 is a fragmentary vertical cross-sectional 
view showing the basic principles of the present 
invention; 

FIGS. 2A, 2B, and 2C are enlarged fragmentary 
vertical cross-sectional views showing the behavior 25 
of an abrasive cloth when the relationship between 
a pressing force applied by a top ring and a press- 
ing force applied by a guide ring is varied; 
FIGS. 3A through 3E are graphs showing the 
results of an experiment in which a semiconductor so 
wafer was polished based on the basic principles of 
the present invention; 

FIG. 4 is a vertical cross-sectional view of a polish- 
ing apparatus according to a first embodiment of 
the present invention; 35 
FIG. 5 is an enlarged fragmentary vertical cross- 
sectional view of the polishing apparatus according 
to the first embodiment; 

FIG. 6 is an enlarged fragmentary vertical cross- 
sectional view of the polishing apparatus according «- 
to a second embodiment; 

FIG. 7 is an enlarged fragmentary vertical cross- 
sectional view of the polishing apparatus according 
to a third embodiment; 

FIGS. 8A through 8D are enlarged fragmentary ver- 45 
tical cross-sectional views showing an example in 
which the amount of a material removed from a 
peripheral edge of a workpiece is smaller than the 
amount of a material removed from an inner region 
of the workpiece; SQ 
FIG. 9 is a vertical cross-sectional view of a conven- 
tional polishing apparatus; 

FIG. 10 is an enlarged fragmentary vertical cross- 
sectional view of a semiconductor wafer, an abra- 
sive cloth, and an elastic pad of the conventional ss 
polishing apparatus; and 

FIG. 11 is a graph showing the relationship 
between radial positions and polishing pressures, 
and the relationship between radial positions thick- 



Like or corresponding parts are denoted by like or 
corresponding reference numerals throughout views. 

FIG. 1 shows the basic principles of the present 
invention. As shown in FIG. 1, the polishing apparatus 
has a top ring 1 and an elastic pad 2 of polyurethane or 
the like attached to the lower surface of the top ring 1 . A 
guide ring 3 is disposed around the top ring 1 and verti- 
cally movable with respect to the top ring 1 . A semicon- 
ductor wafer 4 which is a workpiece to be polished is 
accommodated in a space defined by the lower surface 
of the top ring 1 and the inner circumferential surface of 
the guide ring 3. 

The top ring 1 applies a pressing force F 1 (pressure 
per unit area, gf/cm 2 ) to press the semiconductor wafer 
4 against an abrasive cloth 6 on a turntable 5, and the 
guide ring 3 applies a pressing force F 2 (pressure per 
unit area, gf/cm 2 ) to press the abrasive cloth 6. These 
pressing forces F 1f F 2 are variable independently of 
each other. Therefore, the pressing force F 2 which is 
applied to the abrasive cloth 6 by the guide ring 3 can be 
changed depending on the pressing force F-, which is 
applied by the top ring 1 to press the semiconductor 
wafer 4 against the abrasive cloth 6. 

Theoretically, if the pressing force F 1 which is 
applied by the top ring 1 to press the semiconductor 
wafer 4 against the abrasive cloth 6 is equal to the 
pressing force F 2 which is applied to the abrasive cloth 
6 by the guide ring 3, then the distribution of applied pol- 
ishing pressures, which result from a combination of the 
pressing forces F t> F 2 , is continuous and uniform from 
the center of the semiconductor wafer 4 to its peripheral 
edge and further to an outer circumferential edge of the 
guide ring 3 disposed around the semiconductor wafer 
4. Accordingly, the peripheral portion of the semicon- 
ductor wafer 4 is prevented from being polished exces- 
sively or insufficiently. 

FIGS. 2A through 2C schematically show how the 
abrasive cloth 6 behaves when the relationship between 
the pressing force F 1 and the pressing force F 2 is var- 
ied. In FIG. 2A r the pressing force F 1 is greater than the 
pressing force F 2 (F 1 > Fg). In FIG. 2B. the pressing 
force F-, is nearly equal to the pressing force F 2 (F 1 *, 
Fa). In FIG. 2C. the pressing force is smaller than the 
pressing force F 2 (Fj < F^. 

As shown in FIGS. 2A through 2C. when the press- 
ing force F 2 applied to the abrasive cloth 6 by the guide 
ring 3 is progressively increased, the abrasive cloth 6 
pressed by the guide ring 3 is progressively com- 
pressed, thus progressively changing its state of con- 
tact with the peripheral portion of the semiconductor 
wafer 4, i.e., progressively reducing its area of contact 
with the peripheral portion of the semiconductor wafer 
4. Therefore, when the relationship between the press- 
ing force F 1 and the pressing force F 2 is changed in var- 
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ious patterns, the distribution of polishing pressures on 
the semiconductor wafer 4 over its peripheral portion 
and inner region is also changed in various patterns. 

As shown in FIG. 2A. when the pressing force is 
greater than the pressing force F 2 (F 1 > the polish- 
ing pressure applied to the peripheral portion of the 
semiconductor wafer 4 is greater than the polishing 
pressure applied to the inner region of the semiconduc- 
tor wafer 4, so that the amount of a material removed 
from the peripheral portion of the semiconductor wafer 4 
is greater than the amount of a material removed from 
the inner region of the semiconductor wafer 4 while the 
semiconductor wafer 4 is being polished. 

As shown in FIG. 2B, when the pressing force F, is 
substantially equal to the pressing force F 2 (F A = F 2 ), 
the distribution of polishing pressures is continuous and 
uniform from the center of the semiconductor wafer 4 to 
its peripheral edge and further to the outer circumferen- 
tial edge of the guide ring 3, so that the amount of a 
material removed from the semiconductor wafer 4 is 
uniform from the peripheral edge to the inner region of 
the semiconductor wafer 4 while the semiconductor 
wafer 4 is being polished. 

As shown in FIG. 2C. when the pressing force F^ is 
smaller than the pressing force F 2 (F 1 < F 2 ). the polish- 
ing pressure applied to the peripheral portion of the 
semiconductor wafer 4 is smaller than the polishing 
pressure applied to the inner region of the semiconduc- 
tor wafer 4, so that the amount of a material removed 
from the peripheral edge of the semiconductor wafer 4 
is smaller than the amount of a material removed from 
the inner region of the semiconductor wafer 4 while the 
semiconductor wafer 4 is being polished. 

The pressing force F, and the pressing force F 2 can 
be changed independently of each other before polish- 
ing or during polishing. 

FIGS. 3A through 3E show the results of an experi- 
ment in which a semiconductor wafer was polished 
based on the basic principles of the present invention. 
The semiconductor wafer used in the experiment was 
an 8-inch semiconductor wafer. In the experiment, the 
pressing force (polishing pressure) applied to the semi- 
conductor wafer by the top ring was a constant level of 
400 gf/cm 2 , and the pressing force appli<*l by the guide 
ring was changed from 600 to 200 gf/cm 2 successively 
by decrements of 100 gf/cm 2 . Specifically, thepressing 
force applied by the guide ring was 600 gf/cm^ in FIG. 
3A. 500 gf/cm 2 in FIG. 3B. 400 gf/cm 2 in FIG. 3C. 300 
gf/cm 2 in FIG. 3D. and 200 gf/cm 2 in FIG. 3E. In each of 
FIGS 3A through 3E, the horizontal axis represents a 
distance (mm) from the center of the semiconductor 
wafer, and the vertical axis represents a thickness (A) of 
a material removed from the semiconductor wafer. 

As shown in FIGS. 3A through 3E. the thickness of 
the removed material at the radial positions on the.sem- 
iconductor wafer is affected when the pressing force 
applied by the guide ring was changed. Specifically, 
when the pressing force applied by the guide ring was in 
the range from 200 to 300 gf/cm 2 . as shown in FIGS. 3D 



and 3E. the peripheral portion of the semiconductor 
wafer was excessively polished. When the pressing 
force applied by the guide ring was in the range from 
400 to 500 gf/cm 2 . as shown in FIGS. 3B and 3C. the 
5 peripheral portion of the semiconductor wafer is sub- 
stantially equally polished from the peripheral edge to 
the inner region of the semiconductor wafer. When the 
pressing force applied by the guide ring was 600 gf/crn^. 
as shown in FIG. 3A, the peripheral portion of the sem- 
10 iconductor wafer was polished insufficiently. 

The experimental results shown in FIGS. 3A 
through 3E indicate that the amount of the material 
removed from the peripheral portion of the semiconduc- 
tor wafer can be adjusted by varying the pressing force 
is applied by the guide ring independently of the pressing 
force applied by the top ring. From a theoretical stand- 
point, the peripheral portion of the semiconductor wafer 
should be polished optimally when the pressing force 
applied by the guide ring is equal to the pressing force 
20 applied by the top ring. However, since the polishing 
action depends on the type of the semiconductor wafer 
and the polishing conditions, the pressing force applied 
by the guide ring is selected to be of an optimum value 
based on the pressing force applied by the top ring 
25 depending on the type of the semiconductor wafer and 
the polishing conditions. 

There are demands for the removal of a greater or 
smaller thickness of material from the peripheral portion 
of tfe semiconductor wafer than from the inner region of 
30 the semiconductor wafer depending on the type of the 
semiconductor wafer. To meet such demands, the 
pressing force applied by the guide ring is selected to be 
of an optimum value based on the pressing force 
applied by the top ring to intentionally increase or 
35 reduce the amount of the material removed from periph- 
eral portion of the semiconductor wafer. 

FIGS. 4 and 5 show a polishing apparatus accord- 
ing to a first embodiment of the present invention. 

As shown in FIGS. 4 and 5. a top ring 1 has a lower 
40 surface for supporting a semiconductor wafer 4 thereon 
which is a workpiece to be polished. An elastic pad 2 of 
polyurethane or the like is attached to the lower surface 
of the top ring 1. A guide ring 3 is disposed around the 
top ring 1 and vertically movable with respect to the top 
45 ring 1 . A turntable 5 with an abrasive cloth 6 attached to 
an upper surface thereof is disposed below the top ring 

1 " The top ring 1 is connected to a vertical top ring 
shaft 8 whose lower end is held against a ball 7 
so mounted on an upper surface of the top ring 1 . The top 
ring shaft 8 is operatively coupled to a top ring air cylin- 
der 10 fixedly mounted on an upper surface of a top ring 
head 9 The top ring shaft 8 is vertically movable by the 
top ring air cylinder 10 to press the semiconductor wafer 
55 4 supported on the elastic pad 2 against the abrasive 
cloth 6 on the turntable 5. 

The top ring shaft 8 has an intermediate portion 
extending through and corotatably coupled to a rotata- 
ble cylinder 11 by a key (not shown), and the rotatable 
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cylinder 11 has a pulley 12 mounted on outer circumfer- 
ential surface thereof. The pulley 12 is operatively con- 
nected by a timing belt 13 to a timing pulley 15 mounted 
on the rotatable shaft of a top ring motor 14 which is fix- 
edly mounted on the top ring head 9. Therefore, when 5 
the top ring motor 14 is energized, the rotatable cylinder 
1 1 and the top ring shaft 8 are integrally rotated through 
the timing pulley 15, the timing belt 13 and the timing 
pulley 12. Thus the top ring 1 is rotated. The top ring 
head 9 is supported by a top ring head shaft 1 6 which is w 
vertically fixed on a frame (not shown). 

The guide ring 3 is corotatably, but vertically mova- 
bly, coupled to the top ring 1 by a key 18. The guide ring 
3 is rotatably supported by a bearing 19 which is 
mounted on a bearing holder 20. The bearing holder 20 is 
is connected by vertical shafts 21 to a plurality of (three 
in this embodiment) circumferentially spaced guide ring 
air cylinders 22. The guide ring air cylinders 22 are 
secured to a lower surface of the top ring head 9. 

The top ring air cylinder 10 and the guide ring air 20 
cylinders 22 are pneumatically connected to a com- 
pressed air source 24 through regulators R1, R2, 
respectively. The regulator R1 regulates an air pressure 
supplied from the compressed air source 24 to the top 
ring air cylinder 10 to adjust the pressing force which is 25 
applied by the top ring 1 to press the semiconductor 
wafer 4 against the abrasive cloth 6. The regulator R2 
also regulates the air pressure supplied from the com- 
pressed air source 24 to the guide ring air cylinder 22 to 
adjust the pressing force which is applied by the guide so 
ring 3 to press the abrasive cloth 6. The regulators R1 
and R2 are controlled by a controller (not shown in FIG. 
4). 

An abrasive liquid supply nozzle 25 is positioned 
above the turntable 5 for supplying an abrasive liquid Q 35 
onto the abrasive cloth 6 on the turntable 5. 

The polishing apparatus shown in FIGS. 4 and 5 
operates as follows: The semiconductor wafer 4 to be 
polished is held under the top ring against the elastic 
pad 2, and the top ring air cylinder 10 is actuated to 40 
lower the top ring 1 toward the turntable 5 until the sem- 
iconductor wafer 4 is pressed against the abrasive cloth 
6 on the upper surface of the rotating turntable 5. The 
top ring 1 and the guide ring 3 are rotated by the top ring 
motor 1 4 through the top ring shaft 8. Since the abrasive 4s 
liquid Q is supplied onto the abrasive cloth 6 by the 
abrasive liquid supply nozzle 25, the abrasive liquid Q is 
retained on the abrasive cloth 6. Therefore, the lower 
surface of the semiconductor wafer 4 is polished with 
the abrasive liquid Q which is present between the lower so 
surface of the semiconductor wafer 4 and the abrasive 
cloth 6. 

Depending on the pressing force applied by the top 
ring 1 actuated by the top ring air cylinder 10, the press- 
ing force applied to the abrasive cloth 6 by the guide ring ss 
3 actuated by the guide ring air cylinders 22 is adjusted 
while the semiconductor wafer 4 is being polished. Dur- 
ing the polishing process, the pressing force F t (see 
FIG. 1) which is applied by the top ring 1 to press the 



semiconductor wafer 4 against the abrasive cloth 6 can 
be adjusted by the regulator R1, and the pressing force 
F 2 which is applied by the guide ring 3 to press the abra- 
sive cloth 6 can be adjusted by the regulator R2. There- 
fore, during the polishing process, the pressing force F 2 
applied by the guide ring 3 to press the abrasive cloth 6 
can be changed depending on the pressing force F-, 
applied by the top ring 1 to press the semiconductor 
wafer 4 against the abrasive cloth 6. By adjusting the 
pressing force F 2 with respect to the pressing force F 1f 
the distribution of polishing pressures is made continu- 
ous and uniform from the center of the semiconductor 
wafer 4 to its peripheral edge and further to the outer cir- 
cumferential edge of the guide ring 3 disposed around 
the semiconductor wafer 4. Consequently, the periph- 
eral portion of the semiconductor wafer 4 is prevented 
from being polished excessively or insufficiently. The 
semiconductor wafer 4 can thus be polished to a high 
quality and with a high yield. 

If a greater or smaller thickness of material is to be 
removed from the peripheral portion of the semiconduc- 
tor wafer 4 than from the inner region of the semicon- 
ductor wafer 4, then the pressing force F 2 applied by the 
guide ring 3 is selected to be of a suitable value based 
on the pressing force applied by the top ring 1 to 
intentionally increase or reduce the amount of a mate- 
rial removed from the peripheral portion of the semicon- 
ductor wafer 4. 

FIG. 6 shows a polishing apparatus according to a 
second embodiment of the present invention. 

As shown in FIG. 6. the guide ring 3 disposed 
around the top ring 1 is held by a guide ring holder 26 
which can be pressed downwardly by a plurality of roll- 
ers 27. The rollers 27 are rotatably supported by 
respective shafts 28 which are connected to the respec- 
tive guide ring air cylinders 22 fixed to the lower surface 
of the top ring head 9. The guide ring 3 is vertically mov- 
able with respect to the top ring 1 , and rotatable in uni- 
son with the top ring 1, as with the first embodiment 
shown in FIGS. 4 and 5. 

In operation, while the top ring 1 and the guide ring 
3 are rotated, the rollers 27 are rotated about their own 
axis while the rollers 27 are in rolling contact with the 
guide ring holder 26. At this time, the guide ring 3 is 
pressed downwardly by the rollers 27, which are low- 
ered by the guide ring air cylinders 22, thereby pressing 
the abrasive cloth 6. 

Other structural and functional details of the polish- 
ing apparatus according to the second embodiment are 
identical to those of the polishing apparatus according 
to the first embodiment. 

In the first and second embodiments, the pressing 
force is transmitted from the guide ring air cylinders 22 
to the guide ring 3 through the shafts 21 , 28 which are 
independently positioned around the top ring shaft 8 
and are not rotated integrally with the top ring shaft 8. 
Consequently, it is possible to vary the pressing force 
applied to the guide ring 3 during the polishing process, 
i.e., while the semiconductor wafer 4 is being polished.' 
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FIG. 7 shows a polishing apparatus according to a 
third embodiment of the present invention. 

As shown in FIG. 7, the guide ring 3 disposed 
around the top ring 1 is connected to a plurality of guide 
ring air cylinders 31 fixedly mounted on the top ring 1. 5 
The guide ring air cylinders 31 are pneumatically con- 
nected to the compressed air source 24 through a com- 
munication passage 8a defined axially in the top ring 
shaft 8. a rotary joint 32 mounted on the upper end of 
the top ring shaft 8. and the regulator R2. 10 

The top ring air cylinder 10 is pneumatically con- 
nected to the compressed air source 24 through the 
regulator R1 . The regulators R1 , R2 are electrically con- 
nected to a controller 33. 

The polishing apparatus according to the third is 
embodiment operates as follows: The semiconductor 
wafer 4 is polished by being pressed against the abra- 
sive cloth 6 under the pressing force applied by the top 
ring 1 which is actuated by the top ring air cylinder 10. 
The guide ring 3 is pressed against the abrasive cloth 6 20 
by the guide ring air cylinder 31. When the guide ring 3 
is pressed against the abrasive cloth 6. the guide ring 3 
is subjected to reactive forces which affect the pressing 
force applied by the top ring 1 . To avoid such a problem, 
according to the third embodiment, setpoints for the 25 
pressing forces to be applied by the top ring 1 and the 
guide ring 3 are inputted to the controller 33. which cal- 
culates air pressures to be delivered to the top ring air 
cylinder 10 and the guide ring air cylinders 31 . The con- 
troller 33 then controls the regulators R1 . R2 to supply 30 
the calculated air pressures to the top ring air cylinder 
10 and the guide ring air cylinders 31. respectively. 
Therefore, the top ring 1 and the guide ring 3 can apply 
desired pressing forces to the semiconductor wafer 4 
and the abrasive cloth 6, respectively. The pressing 35 
forces applied by the top "ring 1 and the guide ring 3 can 
thus be changed independently of each other while the 
semiconductor wafer 4 is being polished. 

Other structural and functional details of the polish- 
ing apparatus according to the third embodiment are 40 
identical to those of the polishing apparatus according 
to the first embodiment. 

In the third embodiment, the compressed air is sup- 
plied from the compressed air source 24 through the 
rotary joint 32 to the guide ring air cylinders 31. As a 45 
consequence, the pressing force applied by the guide 
ring 3 can be changed during the polishing process, i.e.. 
while the semiconductor wafer 4 is being polished. 

FIGS. 8A through 8D show an example in which the 
amount of a material removed from a peripheral portion so 
of a workpiece is smaller than the amount of a material 
removed from an inner region of the workpiece. As 
shown in FIGS. 8A through 8D. a semiconductor device 
as a workpiece to be polished comprises a substrate 36 
of silicon, an oxide layer 37 deposited on the substrate ss 
36. a metal layer 38 deposited on the oxide layer 37, 
and an oxide layer 39 deposited on the metal layer 38. 
FIG. 8A illustrates the semiconductor device before it is 
polished, and FIG. 8B illustrates the semiconductor 



device after it is polished. After the semiconductor 
device is polished, the metal layer 38 is exposed on the 
peripheral edge thereof. When the polished semicon- 
ductor device is washed with a chemical, the exposed 
metal layer 38 is eroded by the chemical as shown in 
FIG. 8C. In order to prevent the exposed metal layer 38 
from being eroded by the chemical, it is preferable to 
polish the semiconductor device such that the amount 
of a material removed from the peripheral portion of the 
semiconductor device will be smaller than the amount of 
a material removed from the inner region of the semi- 
conductor device, thereby leaving the oxide layer 39 as 
a thick layer on the peripheral portion of the semicon- 
ductor device. The principles of the present invention 
are suitable for polishing the semiconductor device to 
leave the oxide layer 39 as a thick layer on the periph- 
eral portion of the semiconductor device. 

While the workpiece to be polished according to the 
present invention has been illustrated as a semiconduc- 
tor wafer, it may be a glass product, a liquid crystal 
panel, a ceramic product, etc. The top ring and the 
guide ring may be pressed by hydraulic cylinders rather 
than the illustrated air cylinders. The guide ring may be 
pressed by electric devices such as piezoelectric or 
electromagnetic devices rather than the illustrated 
purely mechanical devices. 

Although certain preferred embodiments of the 
present invention have been shown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without departing 
from the scope of the appended claims. 
It should be noted that the objects and advantages of 
the invention may be attained by means of any compat- 
ible combination(s) particularly pointed out in the items 
of the following summary of the invention and the 
appended claims. 



SI JMMARY O F THE INVENTION 

1. An apparatus for polishing a workpiece, compris- 
ing: 

a turntable with an abrasive cloth mounted on 
an upper surface thereof ; 
a top ring for holding a workpiece and pressing 
the workpiece against said abrasive cloth 
under a first pressing force to polish the work- 
piece; 

a guide ring for retaining said workpiece under 
said top ring, said guide ring being vertically 
movably disposed around said top ring; and 
a pressing device for pressing said guide ring 
against said abrasive cloth under a second 
pressing force which is variable. 

2. An apparatus wherein said first pressing force 
and said second pressing force are variable inde- 
pendently of each other. 
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3. An apparatus wherein said second pressing 
force is determined based on said first pressing 
force. 

4. An apparatus wherein said second pressing 5 
force is substantially equal to said first pressing 
force to remove the same thickness of material from 

a peripheral portion of the workpiece as from an 
inner region of the workpiece. 



25 



30 



5. An apparatus wherein said second pressing 
force is smaller than said first pressing force to 
remove a greater thickness of material from a 
peripheral portion of the workpiece than from an 
inner region of the workpiece. 

6. An apparatus wherein said second pressing 
force is greater than said first pressing force to 
remove a smaller thickness of material from a 
peripheral portion of the workpiece than from an 
inner region of the workpiece. 

7. An apparatus wherein said pressing device com- 
prises a fluid pressure cylinder. 

8. An apparatus wherein said top ring is supported 
by a top ring head, and said fluid pressure cylinder 
is fixed to said top ring head. 

9. An apparatus wherein said fluid pressure cylin- 
der is fixed to said top ring. 

10. An apparatus for polishing a workpiece, com- 
prising: 

a turntable with an abrasive cloth mounted on 
an upper surface thereof; 
a top ring for holding a workpiece and pressing 
the workpiece against said abrasive cloth 
under a first pressing force to polish the work- 
piece; 

a guide ring for retaining said workpiece under 
said top ring, said guide ring being vertically 
movably disposed around said top ring; and 
a pressing device for pressing said guide ring 
against said abrasive cloth under a second 
pressing force which is variable; 

wherein said first pressing force and 
said second pressing force are variable inde- 
pendently of each other. 50 

1 1. A method of polishing a workpiece, comprising 
the steps of: 

holding a workpiece between an abrasive cloth ss 
mounted on an upper surface of a turntable 
and a lower surface of a top ring disposed 
above said turntable; 

pressing the workpiece against said abrasive 
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cloth under a first pressing force to polish the 
workpiece; and 

pressing a guide ring vertically movably dis- 
posed around said top ring against said abra- 
sive cloth around the workpiece under a 
second pressing force which is determined 
based on said first pressing force, said guide 
ring retaining the workpiece under said top 
ring. 

12. A method wherein said first pressing force and 
said second pressing force are variable independ- 
ently of each other. 

13. A method wherein said second pressing force is 
substantially equal to said first pressing force to 
remove the same thickness of material from a 
peripheral portion of the workpiece as from an inner 
region of the workpiece. 

14. A method wherein said second pressing force is 
smaller than said first pressing force to remove a 
greater thickness of material from a peripheral por- 
tion of the workpiece than from an inner region of 
the workpiece. 

15. A method wherein said second pressing force is 
jreater than said first pressing force to remove a 
smaller thickness of material from a peripheral por- 
tion of the workpiece than from an inner region of 
the workpiece. 

16. A method of fabricating a semiconductor 
device, comprising the steps of: 

holding a semiconductor wafer between an 
abrasive cloth mounted on an upper surface of 
a turntable and a lower surface of a top ring dis- 
posed above said turntable; 
pressing the semiconductor wafer against said 
abrasive cloth under a first pressing force to 
polish the semiconductor wafer; and 
pressing a guide ring vertically movably dis- 
posed around said top ring against said abra- 
sive cloth around the workpiece under a 
second pressing force which is determined 
based on said first pressing force, said guide 
ring retaining the workpiece under said top 
ring. 



Claims 

1. An apparatus for polishing a workpiece, compris- 
ing: 

a turntable with an abrasive cloth mounted on 
an upper surface thereof; 
a top ring for holding a workpiece and pressing 
the workpiece against said abrasive cloth 
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3. 



under a first pressing force to polish the work- 
piece; 

a guide ring for retaining said workpiece under 
said top ring, said guide ring being vertically 
movably disposed around said top ring; and 
a pressing device for pressing said guide ring 
against said abrasive ctoth under a second 
pressing force which is variable. 

An apparatus according to claim 1 , wherein said 
first pressing force and said second pressing force 
are variable independently of each other. 

An apparatus according to claim 1, wherein said 
second pressing force is determined based on said 
first pressing force. 
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An apparatus according to claim 3. wherein said 
second pressing force is substantially equal to said 
first pressing force to remove the same thickness of 20 
material from a peripheral portion of the workpiece 
as from an inner region of the workpiece. 



5. An apparatus according to claim 3, wherein said 
second pressing force is smaller than said first 
pressing force to remove a greater thickness of 
material from a peripheral portion of the workpiece 
than from an inner region of the workpiece. 

wherein preferably said second pressing force 
is greater than said first pressing force to 
remove a smaller thickness of material from a 
peripheral portion of the workpiece than from 
an inner region of the workpiece, 

wherein preferably said pressing device com- 
prises a fluid pressure cylinder, 

wherein preferably said top ring is supported by 
a top ring head, and said fluid pressure cylinder 
is fixed to said top ring head, and 

wherein preferably said fluid pressure cylinder 
is fixed to said top ring. 

6. An apparatus for polishing a workpiece, compris- 
ing: 

a turntable with an abrasive cloth mounted on 
an upper surface thereof; 
a top ring for holding a workpiece and pressing 
the workpiece against said abrasive cloth 
under a first pressing force to polish the work- 
piece; 

a guide ring for retaining said workpiece under 
said top ring, said guide ring being vertically 
movably disposed around said top ring; and 
a pressing device for pressing said guide ring 
against said abrasive cloth under a second 
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pressing force which is variable; 

wherein said first pressing force and 
said second pressing force are variable inde- 
pendently of each other. 

A method of polishing a workpiece, comprising the 
steps of: 

holding a workpiece between an abrasive cloth 
mounted on an upper surface of a turntable 
and a lower surface of a top ring disposed 
above said turntable; 

pressing the workpiece against said abrasive 
cloth under a first pressing force to polish the 
workpiece; and 

pressing a guide ring vertically movably dis- 
posed around said top ring against said abra- 
sive cloth around the workpiece under a 
second pressing force which is determined 
based on said first pressing force, said guide 
ring retaining the workpiece under said top 
ring. 

A method according to claim 7, wherein said first 
pressing force and said second pressing force are 
variable independently of each other, 

wherein preferably said second pressing force 
is substantially equal to said first pressing force 
to remove the same thickness of material from 
a peripheral portion of the workpiece as from 
an inner region of the workpiece, 

wherein preferably said second pressing force 
is smaller than said first pressing force to 
remove a greater thickness of material from a 
peripheral portion of the workpiece than from 
an inner region of the workpiece, and 

wherein preferably said second pressing force 
is greater than said first pressing force to 
remove a smaller thickness of material from a 
peripheral portion of the workpiece than from 
an inner region of the workpiece. 

). A method of fabricating a semiconductor device, 
comprising the steps of: 

holding a semiconductor wafer between an 
abrasive doth mounted on an upper surface of 
a turntable and a lower surface of a top ring dis- 
posed above said turntable; 
pressing the semiconductor wafer against said 
abrasive cloth under a first pressing force to 
polish the semiconductor wafer; and 
pressing a guide ring vertically movably dis- 
posed around said top ring against said abra- 
sive cloth around the workpiece under a 
second pressing force which is determined 
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based on said first pressing force, said guide 
ring retaining the workpiece under said top 
ring. 

An apparatus for polishing a workpiece, compris- s 
ing: 

a turntable with an abrasive mounted on sur- 
face thereof; ; 
a ring for holding a workpiece; w 
a ring for retaining said workpiece under said 
ring for holding. 
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